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Legal Notice

This information was prepared by Gas Technology Institute (“GT1”) for DOT/PHMSA
(Contract Number: DTPH56-06-T-000001).

Neither GTI, the members of GTI, the Sponsor(s), nor any person acting on behalf of any of
them:

a. Makes any warranty or representation, express or implied with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of any
information, apparatus, method, or process disclosed in this report may not infringe privately-
owned rights. Inasmuch as this project is experimental in nature, the technical information,
results, or conclusions cannot be predicted. Conclusions and analysis of results by GTI
represent GT1's opinion based on inferences from measurements and empirical relationships,
which inferences and assumptions are not infallible, and with respect to which competent
specialists may differ.

b. Assumes any liability with respect to the use of, or for any and all damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report; any other use of,
or reliance on, this report by any third party is at the third party’s sole risk.

c. The results within this report relate only to the items tested.
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Executive Summary

On June 2, 2005, PHMSA issued the fifth Broad Agency Announcement, #DTPH56-
05-BAA-0001, which included research to improve the understanding of Direct
Assessment (DA) methods and practices in challenging situations.

This project received support from a group of over two dozen gas company
participants, some of which contributed pipeline segments for assessment, pipe
inspection resources, and excavation and examination costs to demonstrate the
assessment technologies (i.e., case study segments/locations).

The objective of this project was to support the identification and demonstration of
ECDA specific technologies for demanding pipeline situations (e.g., bare pipe, cased
and non-cased crossings, and crowded right of ways such as city gate stations). Project
emphasis was placed on the use of GWUT for these circumstances at the request of all
the stakeholders involved in these efforts.

The project stakeholder group reviewed the External Corrosion Direct Assessment
(ECDA) Demanding Situations from 2005 PHMSA R&D Forum and Previous Research
Activities. They agreed to and volunteered the following three high priority situations
to focus on for potential case studies:

e Multiple Pipes (Structures) in Congested Right of Way: Interference issues with
above ground inspections; Stray currents; Complex Meter & Station piping.

e Bare Pipe Segments

e Cased Crossings - Industry needs better differentiation between metal loss and
casing/pipe contact points. Sizing of defects inside casings; Uncased crossing and
deep crossing situations; Long crossings (e.g., us pitch-catch vs. pulse-echo
GWUT)

e The following tools were used during the integrity assessments performed
during this project: GWUT (GUL and Teletest): torsional and longitudinal
signals, pitch-catch and pulse-echo, C-scan, and multiple frequency ranges;
magnetic tomography inspection; visual inspection; manual and Porta-Scan UT;
radiography (X-ray); Magnetic Particle Inspection (MPI); Close Interval Surveys
(CIS); Direct Current Voltage Gradient (DCVG); Pipeline Current Mapper (PCM),
native potential and side-drain surveys; soil resistivity.

These three situations resulted in 30 excavations for GWUT application and when
combined with the in kind data, included a total of approximately 100 dig sites with
tifty-five confirmed (a 100% validation) indications for analysis.
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All validated data was collected, analyzed, and summarized in graphical form,
which included: inspection ranges, confirmed defect sizes (depth, length, width, and
volume) as well as probabilities of detection (both false/true positives and negatives).
Some general lessons learned were:

For Multiple Pipes (structures) in Congested ROW Situations:

> ECDA standard tools worked well in open areas where interferences did not
preclude the use of CIS, DCVG, and PCM as validated by 100% excavation with
visual inspection & pit gauge and magnetic particle inspection.

> GWUT was very effective when standard DA tools could not be used. GWUT
also identified the presence of sludge and deposits in pipe sections.

For the Bare Pipe Situations

> (IS coupled with Native Potential Surveys and Side-Drain Surveys (aka Hot
Spot Surveys) worked well and predicted areas of potential past corrosion.

> GWUT had a relatively short range due to the very adherent and "plastic” clay
soil.

> Magnetic Tomography did not correlate well (false positive indications) for
corrosion but did locate a wrinkle bend type feature outside of the GWUT
inspected section.

For Cased Pipe Situations

> GWUT correlated with the direct exam findings.

> For thick, pliable, well adhered asphalt coatings, the GWUT range was severely
restricted.

> PCM inspections provided another means of determining short situations
between carrier and casing pipes.

All these lessons learned and many more from this project were compiled and are
presented as a, “"Guided Wave Ultrasonic Testing Background, Technical Explanation, and
Field Implementation Protocol to Assist Operators”.

The capability and reliability of GWUT technology for integrity assessment for
the chosen challenging situations was demonstrated as part of the DA process when
following the included protocol.
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GWUT reliability from 55 indications at 18 case study sites resulted in no false
negatives, 1 false positive, and a 98% chance of correct prediction as shown in Figure 1
below.

GW Reliability Based on 100% Validated GW Indications
60
55 Indications at 18 case studies:
50 1 Chances of False Negative = 0% -
(i.e., you would not identify a threat)

n
S 0 | | Chances of False Positive = 2% i
.g (i.e., you may dig and find no obvious
[}
3 threat)
© o
c 30 — Chances of Correct Prediction = 98% B
s (i.e., you dig and find what GW predicted)
L 20
1S
=)
pd

10

0
Total GW Indications| GW Indications Falls'gig;)tisétrzve False Negative GW
Validated Predicted Correctly Indications
(unknown)
|Series1 55 54 1 0

Figure 1. Guided Wave reliability based on 100% validated GW indications (18 case studies -
55 indications; all pipe was uncovered; coating was removed to get to bare metal; further
inspection beyond visual was done as necessary, e.g. X-Ray, PortaScan UT, etc.). Note: the
lack of any false negatives includes all the length of pipe inspected and is a very encouraging
result in itself.

GWUT produced very good reliability numbers even though the cases all had very
small corrosion damage or none at all. When the casing and coatings were removed,
the GWUT operator successfully called all the predictions.

No corrosion was found that was not predicted, however one location had
corrosion less severe than the prediction, confirming that the tool signals (when
interpreted by the current service providers) are basically conservative.
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A Summary of General Guided Wave Findings Included:

> Depending on coating type and soil conditions, the inspection range varied from
10ft on the low side to greater than 100ft on the high side (this is with a 5% CSA
threshold).

> Torsional waves tended to provide a better resolution vs. longitudinal waves.

> Longitudinal waves tended to provide the longest range, although at a lower
frequency and resolution.

> A multitude of frequencies was necessary to differentiate spacers from
anomalies.

> C-Scan images were very helpful at determining the extent and radial
distribution of anomalies.

> GWUT was efficient at finding asymmetric weld geometries (verified by X-ray
inspection).

A Summary of ECDA Tool Performance for Challenging Situations - When the
pipe was coated and not in a casing:

> DCVG had a finer location resolution than PCM, e.g. inches versus feet and
located coating defects that were the size of a pinhole to 300 in? within 1-3 inches
of their actual location.

> CIS located defects less precisely than DCVG, but correlated well with the
excavated location; and correctly differentiated between locations with little or
no cathodic protection and those that were well protected. CIS also greatly
assisted in setting overall classifications and prioritizations.

> Cell-to-Cell and Side-Drain (hot spot surveys) appeared to correlate well with
corrosion found on bare pipe

> PCM worked well in indicating general regions of coating defects or large
holidays (4 in?) on well coated pipe. If the pipe had large and long holidays
along the bottom, PCM did not isolate the indication.

> PCM A-Frame worked well at locating isolated, small defects and found a defect
under an asphalt driveway. Comparable to DCVG in ability to locate small
coating holidays if one already knows their general location.
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To help move these project results into general use, contact with the appropriate
SDO committees (e.g., ASME and NACE) has been initiated. These results and
recommendations will be presented to the applicable Standards Development
Organizations (SDOs) to ensure timely implementation of research benefits -- improved
safety, ability to assess pipeline segments that have no alternate method available (i.e.,
expand DA applicability), and increased knowledge of the DA method that
incorporates GWUT.

GTT also conducted a feasibility analysis (at PHMSA's request) using a subset of the
validated data. GWUT successfully called out defects that were < 5% Cross Sectional
Area (CSA) "criteria" curve. The anomalies that were > 5% Cross Sectional Area (CSA)
were dug up, had their coating removed, and the subsequent pits were physically
measured (both length and depth with an engineering ruler and a pit gauge). The pit
dimensions were input into ASME B31G criteria at the test pressure for the class
location. All the pits passed this criteria for failure at the test pressure for their
respective class location. Additionally (and more conservatively), all the defects also
met the ASME B31G criteria for a pressure (greater than the pressure test pressure) that
would have resulted in a hoop stress equal to 100% SMYS (P=25t/D), i.e. they met
(passed) the standard ASME B31G criteria. This also follows from the fact that the Class
1,2, 3, and 4 Test Pressures (used in this case) were all below the pressure required to
achieve 100% SMYS pipe wall stress.

It was also clear from the feasibility analysis that (1) more field data with validation
excavations and (2) possible analytical refinements are needed to link the %CSA cutoff
criteria accurately to the defects that GWUT was successful at identifying.

As a next step (i.e., follow on research efforts to this project), one suggestion would
be to analyze a larger data set of GWUT inspected/predicted indications with the
associated direct examination measurements. If one could demonstrate that GWUT
tinds defects that would pass a pressure test (and therefore substantiating that GWUT
will find all larger defects than these) it would facilitate the acceptance of GWUT as an
acceptable stand-alone inspection technique. A final deliverable from such and effort
could be the development a methodology to serve as the basis for a GWUT standard
(from an SDO) and the validated supporting data.
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Introduction

Basis/Need for Project Results

The United States of America is critically dependent on natural gas and petroleum
liquids transported through pipelines. The infrastructure that currently transports these
energy resources is aging, with a significant fraction being more than fifty years old.
While new pipelines are being planned and constructed, pipeline operators typically
plan on continued operation of the vast majority of existing pipeline mileage. Assuring
the long-term integrity and security of these existing pipelines is essential.

Recognizing these facts, the U.S. Department of Transportation (DOT), Pipeline and
Hazardous Materials Safety Administration (PHMSA), Office of Pipeline Safety (OPS)
designed a continuing process to emphasize the importance of continuing pipeline-
related Research and Development (R&D). States, industry, and other Federal
Agencies strongly support PHMSA’s initiative.

PHMSA'’s pipeline safety R&D Blueprint planning process focuses on the following
objectives:

Facilitate better R&D planning by organizations that fund pipeline-related R&D;

e Increase the assurance that major industry, regulatory and public concerns are
being addressed by ongoing or planned R&D;

e Assemble diverse stakeholder input on R&D needs and priorities;
e Assemble and communicate R&D plans among funding organizations; and

e Promote more effective technology transfer.

In March 2005, PHMSA conducted a government/Industry Pipeline R&D Forum in
Houston, Texas. A large group of representatives from Government and industry
organizations attended. The forum led to a common understanding of current research
efforts, a listing of key challenges facing government and industry, and a compilation of
potential research areas whose exploration can help meet these challenges and thus be
considered in developing new R&D applications. PHMSA pipeline safety
representatives determined that the following major research areas needed to be
addressed: a) Damage Prevention; b) Mechanical Damage; c) Direct Assessment; d)
Inspection; e) Leak Detection; f) Pipeline Design; and g) Other Safety Improvements
(includes E-communications and Human Factors). On June 2, 2005, PHMSA issued the
tifth Broad Agency Announcement, #DTPH56-05-BAA-0001, addressing each of these
major areas.
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This project addressed the Direct Assessment area with a special emphasis on the
use of Guided Wave Ultrasonic Testing (GWUT) use as part of the assessment process
for situations that are challenging to inspect.

Project Background

Pipeline integrity management mandates for natural gas transmission pipelines
have been in place since December 17, 2002, when the President signed the Pipeline
Safety Improvement Act of 2002. This Act required the Office of Pipeline Safety (OPS) to
issue the Integrity Management Program (IMP) regulation, by December, 2003, that
provided more specificity on what transmission lines are covered and the elements of
an integrity management program. Both the Act and the regulation require the
integrity of natural gas transmission pipelines in High Consequence Areas (HCA) to be
assessed on a periodic seven year or less basis. For the majority of Local Distribution
Companies (LDCs) with transmission lines, Direct Assessment has proven to be the
primary method to evaluate these pipelines.

The Pipeline Safety Act and Integrity Management Regulations provided the
impetus for the first three AGA/GTI research collaboration efforts on integrity
management that began back in September of 2002. This prior work has already
delivered protocols for the application of External Corrosion Direct Assessment
(ECDA), Internal Corrosion Direct Assessment (ICDA), and for Guided Wave
Ultrasonic Testing (GWUT) as well as detailed case studies for crossings, and casings.
Both State and Federal Regulators have witnessed the application of these protocols
which helps boost confidence in the overall Direct Assessment process itself.

However, there are still situations that need unique/generic protocols to assist
pipeline operators in applying ECDA on challenging situations (i.e. bare pipe,
congested meter stations, cased pipe sections, or similar circumstances).

Operators, regulators and other stakeholders must have confidence that these
particular situations do have a proven solution for performing an integrity assessment.
The industry must work with regulators in demonstrating that adequate
procedures/protocols are in place to address these critical issues. Audits are already
underway and these difficult situations need validated answers and protocols.

This project, "Demonstration of ECDA Applicability and Reliability for Demanding
Situations", Pipeline and Hazardous Materials Safety Administration (PHMSA) Project
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#195 had the main objective to support the identification and demonstration of ECDA
specific technologies for demanding pipeline situations (e.g., bare pipe, cased and non-
cased crossings, and crowded right of ways such as city gate stations). Project emphasis
was placed on the use of GWUT for these circumstances at the request of all the
stakeholders involved in these efforts.

Demonstration of the capability and reliability of GWUT technology for these
specific situations resulted in a generic protocol/recommend practice and the associated
validated data (from direct exams).

These results and recommendations have been presented to the applicable
Standards Development Organizations (SDOs) to ensure timely implementation of
research benefits -- improved safety, ability to assess pipeline segments that have no
alternate method available (i.e., expand DA applicability), and increased knowledge of
the DA method that incorporates GWUT. This project received support from a group of
over two dozen gas company participants, some of which contributed pipeline
segments for assessment, pipe inspection resources, and excavation and examination
costs to demonstrate the assessment technologies (i.e., case study segments/locations).

Project Deliverables

e Provide a list of demanding situations (from gap analysis) that standard ECDA
techniques will not adequately cover.

e Provide a list of complementary inspection tools (beyond standard ECDA tools)
for testing and validation on pipeline segments that cannot be assessed with the
standard spectrum of ECDA tools.

e Provide a set of assessment techniques for each of the case study demanding
situations that include recommended new (alternate) assessment methodologies
and the applicable existing/standard ECDA tools and techniques that may be
used in conjunction with them. At stakeholder request, special project emphasis
was placed on the development of the proper use of GWUT and its validation.

e Solicit, prioritize, and execute a set of field trials (i.e., case study sites) for the
challenging situation direct assessment process.

e Collect, analyze, and present validation test results of the application of the
recommended assessment techniques for the demanding situations.

e Provide GWUT reliability parameters (based on the project’s validated
assessments) for the challenging situations.

e Provide concise input to the appropriate SDO committees (e.g., ASME and
NACE) to move the research results into general use.
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Project Meeting with Industry (Operators) to Confirm Needs
and Provide Focus

Kickoff Meeting with Industry Representatives and PHMSA

A Kickoff Meeting held June 20, 2006 with participation from Gas Technology
Institute (Project Manager and Principal Investigators); 23 Natural Gas Pipeline
Operators; American Gas Association; Guided Wave UT providers; & Northeast Gas
Association.

The group reviewed the External Corrosion Direct Assessment (ECDA) Demanding
Situations from 2005 PHMSA R&D Forum and Previous Research Activities. They then
suggested and discussed the following three high priority situations to focus on for
potential case studies:

e Multiple Pipes (Structures) in Congested Right of Way: Interference issues with
above ground inspections; Stray currents; Complex Meter & Station piping.

e Bare Pipe Segments

e Cased Crossings - Industry needs better differentiation between metal loss and
casing/pipe contact points. Sizing of defects inside casings; Uncased crossing and
deep crossing situations; Long crossings (e.g., us pitch-catch vs. pulse-echo
GWUT)

GTI then solicited volunteer operators and secured commitments for case study
segments. Together, these covered the top three demanding situations that were
suggested for further research activities.

The stakeholders involved with this project had only used two commercially
available GWUT technologies either manufactured by Guided Ultrasonics and Teletest
Companies. Therefore, other Guided Wave alternatives such as the Magnetostrictive
sensor (MsS) technology were not available. This report therefore validates and
describes the GUL and Teletest systems used.
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Results and Discussion - Crowded City Gate Station

Red Run City Gate Background Information

e 26" diameter city gate station (~1966 rebuilt in 1980’s), Coal Tar coated.

e X-60 line at ~865 psig.

e Four drips to be removed (40" drip on each side of two heaters)
e Internal corrosion failure in 1982 at heater bypass.
e Had synthetic natural gas with high CO & CO:z in the past.

e Have had liquids in the line in the past.
e Pipe internally coated for flow control.

e System is electrically shorted into distribution system.
e Many parallel and ancillary lines make assessment difficult.
¢ Lines penetrate concrete walls difficult to assess.

e Conducted PCM/CIS/DCVG inspections.

e Case Study Included:

> Broke up the station into areas easy to assess and those difficult to assess.
> Developed procedure/process to assess the demanding situations,

including:

- Pitch-Catch Guided Wave for more complex station piping shapes.
- Screen PCM/CIS/DCVG results and identify indications that should be
further assessed with guide wave technology or other technology.
> Validated findings with direct examinations, UT, Porta-Scan UT, and

Radiography.

Consumers Energy
Red Run City Gate
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Figure 2. Location of Field Site.
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General Description/Overview

o The facility is operated out of the Eastern Area and provides natural gas to a sizable
distribution system servicing the northeast metropolitan Detroit area.

e The station has an Inlet MAOP of 865 psig and Outlet MAOP of 300 psig.

e The Station is typically shut in and placed in standby during summer operations.
This presents a higher potential for internal corrosion.

e In 1982 the Station experienced an internal corrosion failure at the heater bypass
area. High levels of CO and CO:were in the system for a period of time and
contributed to the failure. These high levels are no longer present. Mainline and
station piping was inspected and replaced as necessary.

e Station piping consists primarily of 1982 and 1966 - 26 inch and 12 inch piping.

e Site had a total of four drip logs. A leak within the last year resulted in evaluation of
drip log design and capacity.

— Drips installed upstream have reduced the volume of liquids seen at Red
Run.

— A redesign, going to two smaller drip logs is near completion.

— Since the drips are to be replaced, inspection of the drip logs is no longer
necessary for this assessment. This eliminated the need for installation of
access flange, cleaning, and assessment of four original drip logs and
resulted in lower assessment cost.

o

Al 3" »

e

Figure 3. Site View.
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Launcher
E-W Construction Line

Receiver
1
All 1966 Piping X-60 0.365" 150 ft W. of A Valve avave N .
wit unless noted 3
Heaters | o33
[ All Piping 0.375" w.t. GUL INSPECTION|
1 unless noted = LEGEND |
| LEGEND
80° | = - .
S | “roqund | Sy | s CORDom. | e
\ i 082 12 5 all (in)
& : PE-PC 1a__|12° N Riser (above grd.)
' PE-PC 1c__|N_of 25" Inlet Tee
’&1\ BLDG 4 | PE-PC 1b__ |12" S. Riser (above grd.)
=) \omes are 2 | PE_PC 1d__|S.of 26" Inlet Tee
—[Ea sb |5c sz %8z N PE_PC Za__ |12 Riserby Valwe
{ ) ]
“F 5 jp== OO - | ! VES Redngh| % e R R
"ﬁ“"' 7 [6a][GH] ®, ! YES [PE-PC 3a|26" N. of Meter Run
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Meter @( op | VES _[PE 4 [26°S toEndCap
Runs | Same as 4 |PE - PC Ba_ |NW Reg Tiein - 12"
[ PE-PC Eb_ |NW RegRun- 12
LR o | PE Sc_|NE Reg Run-12°
o l | PE €a W Reg Run - 12-
| PE &b E Reg Run- 12-
| Cancelled |Cancelled Fa 4 24TFecandDead-Leg
E@ YES PC b Below 24" Seperator Riser Valve |1990/0.
| | YES _|PE 8 |36 Drip a Seperator 5
| PE 9a__|Downstream of D Valwe
Dig No. Lat Lon Description | PE L) T4 Dead Leg
A |42.56459449] 62 9920275 | Valve D | VES [PE 55, o Vale D 1o 0deg olhow
B 42.5458594]-62.9921069[Vale C | YES PE 10 T2 approx.60 & N. 0f D Vale 7
T |22.5464005| 52.0922221 |24 W Ell of Market Line " YES [PE T |12 approx.60 i 5. of Tiein o6 [1966/0.37
D T.8.D - Use GUL excavation 128 YES _|PE T2 |26 Stub al Reg Bldg.
! PE 13|12 Bypass upstream of D Valve
| VES |Radiogiaph| 14 |76" between Drips and Fealers
0 712412006] Issued YES__ |Radiograph| 15| 150 & W_of A Valve - Low Spot
T 8/10/2006] Added Extemal Dig Locations avane] a o vane VES [Radogass| 76 |LowEndoiDist DapLog
2 B/26/2006| Added additionla dig sites, vale
3 5/16/2007| Updated Legend, +9c, and Annotations = A
4 5/16/2007] Station Bypass over vale C - . PE = Pulse Echo PC = Pitch/Catch
5 5725/2007| Added Dig Site #2C - Replacement Piping btwn Heater and Meter Run RED RUN LAYOUT DGN

Rev.5

Figure 4. Schematic of City Gate Layout.

Gas Flow Through the City Gate Station

26" transmission inlet line to station ends at Launcher/Receiver area.
Meter/Regulator Station begins at 26" Valve 'A’.

Gas flows from Valve 'A’ to inlet of Drips via 26" Line, Radiography Only Dig
Site #15 at low elevation point along this section.

This feeds into the drips at Dig Site #1 (a, b, ¢, & d). Drips are to trap condensed
water.

From outlet of Drips, gas flows to inlet of Heaters via 26" section, Dig Site #14.
The gas then feeds into the Heaters at Dig Site #2 (a, b, and c). Heaters are to
raise the gas temperature prior to pressure reduction (with Joule-Thompson
cooling).

From the Heaters the gas flows to the Meter Run Header at Dig Site #3 (a&Db).
The gas flows through the Meters into the Regulator Header at Dig Site #4 and
#12.

From the Regulator Header the gas flows through both concrete wall (west and

east sides of Regulator Building) either side of two Regulators at Dig Sites #5 (a,
b, & c) and #6 (a & b) respectively.
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10. The gas then flows through the Filer-Separator at Dig Site #7b.

11. Condensates separating out at the Filter-Separator drop out into the Slop Tank at
Dig Site #8.

12. The gas continues out of the Filter-Separator in the 26" line and turns south to
feed the network after Valve C.

13. FULL STATION BYPASS
a. Begins upstream of Valve 'A" at a 26" to 12" Tee.

b. This bypass heads south approximately 300' to 12" Valve 'D’, this section
includes Dig Sites #10, #11, & #13.

c. After Valve 'D' the 12" bypass line flows into the 26" Main after passing
through 12" Valve 'C', Dig Sites #9 (a, b, & c) are in this section.

14. DIRECT ASSESSMENT DIRECT EXAM SITES
a. Site A around 12" Valve 'D'
b. Site B around 12" Valve 'C’'
c. Site C validation site downstream of Filter Separator.

Figure 5. Launcher, Drips, Heaters, and Meter Runs.
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Regulation To Distribution

City Gate Outlet and Bypass Valve
Site (Adjacent to City Gate)

Figure 6. Regulators, Relief Valves, Filter Separator, Drip Log, and Outlet & Bypass
Valves.
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ECDA Pre-Assessment

e Drawings along with other records were assembled and reviewed for content
and pertinence.

e During preliminary testing the station was discovered to be shorted to both
electric neutral and gas distribution system.

e (P levels have been good since construction of station with only minor
instances of below potential readings that were repaired promptly.

e Though congested, the site did not present any particular problems in respect to
obtaining good Close Interval Survey (CIS)/Direct Current Voltage Gradient
(DCVG) measurements.

ECDA Indirect Inspection

e Contractor performed an Indirect Inspection of the facility and collected data
using the following test methods. In addition, Global Positioning System
(GPS) data was collected at each test measurement location:

o

o O O O

CIS

DCVG

Pipeline Current Mapper (PCM)
Soil Resistivity

Pipe elevation survey.

Results of Indirect Inspections

e A total of 23 DCVG indications were identified. Three were evaluated as
Moderate. The remaining indications were identified as Minor. In all cases
pipe-to-soil potentials were in the range of -1.000V Off.

e One area, adjacent to the outlet of the Regulator Building indicated localized
low CIS potential readings without a DCVG indication.

o

o

Additional testing was performed and found that while low for a distance
of 3 to 5 ft from the wall, actual potentials were better than indirect
inspection data reported.

Further investigation led to the conclusion that potentials were affected by
a bare steel sleeve used as a penetration thru the concrete wall.
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Direct Exam Dig Schedule

e External Direct Examinations:

©)

The review of the data indicted three scheduled action indications. All
three of the indications were selected for direct exam.

An Internal corrosion site was used for external corrosion validation to
complete requirements.

e Internal Direct Examinations:

©)

Internal Corrosion Inspection sites were determined through analysis of
operating modes looking for potential liquid hold up and dead leg areas.
It was decided that a total of 18 segments of piping be inspected with
Guided Wave, Radiographic, and Ultrasonic testing.

A total of 14 areas were selected for potential liquid hold-up areas

Four additional segments at wall penetrations of the Regulator Bldg were
to be inspected by Guided Wave.
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Operator:
Case Study:

Dig Site:

Consumers Energy
Red Run City Gate 8/21/2006

#1 a, b, c, and d - Header into Drip Run

\DRIPS ARE
1982 X-52

10" 07

Figure 7. Schematic of Header into Drip Run.
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(a) (b)
Figure 8. (a) 26" Inlet tee to drip run showing P-C GW inspection. (b) Risers a & b along
drip runs.
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Guided Wave Results

Dig Site 1A - PE

Fip=: 12" 1A Red Run 5t Ring: R2B12{285)-Circum
Site: Consurmers Enargy Config: 7.0FR, Ti0.1})
Location: Riser pipe +4inch Calibration: Automatic (505,187 my)
Size: 12 inch (0,375 in) Version: 3.82, Wavemaker G312
Tested: Aug 21 2005 14:00 Client Consurmers Ensrgy
Tested by: Dawvid Alleyme[GUL]) Frocedurs: GU 1.1

Zeneral Motes: TP 10 test location 14 on the verlical s=ction of the penetration into

ground. Mo reflections have been interpreted to be from cormosion above

the call level
Fealure [Location| ECL | Length Class Motes
+F1 o4n - 0 Vield Visible but in the fransducer dead-zone
+F2 20 - C 45 deq
Bznd
+F3 4'g" - c Flamge
-F1 -1 - - Bitumen |Some minor reflecticns from the entry
area, contact and surface conditicns.
-F2 -2 - = Earth
-F3 -Eran - O 10 Bend
3.0
&
-
] ‘;
-
= i
= ’
E
el
1.0
i;*‘:j‘:ﬁlh'f |

5.0
Distance (ft)

Figure 9. Dig Site 1A - PE.
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Dig Site 1B - PE

Amp (Linear)

Fipe:
Site:
Location:
Size:

Tested:
Tested by

12" 1B Ried Run &
Consumer Energy

Riser pipe Seciions +dinch
12 inch

21 Awg 2008 1508
Cravid Alleyne[EUL]

Fing:
Config:
Calioration:
Wersion:
GPS:
Client
Procedurs:

FABCM] 12424 -Coircum-35mm
4878, TID 1)

Aurtornatic (TEB42.ET my)

381, Wavernaker G312
0715.7736°W, 51°28.0452'M
Consurmer Energy

GuU 1.1

General Motes: TP 8 test location 1B

| Fegture locaten ECL  Class
+F1 04" - Weld
+F2 20 - 45 dep Bend
+F3 4" - ~lange
-F1 -21° - Biumen
-F2 -2 - Zarth
-F3 5E - 10 Bend

[&1]

[&1]

Distance (ft)

Figure 10. Dig Site 1B - PE.
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Dig Site 1C - PE

FPipe:
Site:
Location:
Size:

Tested:
Tested by

12" 10 Red Run St
Consumers Energy
Branch T to 2&inch -1ft
Tinch

12 inch

Ring: RZB12PE(30)
Config: S 4FR, T{0,1)
Calibration: Automatic (0 m'')
Verzion: 2,92, Wavemaker 53312

22 Aug 2006 10:28
David Alleyne[GUL]

Client: Consumers Energy
Procedurs: G 1.1

General Motes:

TE 12 Pitch Catch data with twa rings at test locations 1C and 10. This
iz the Pulse-Echo result from location 12, There are no reflectionsz
above the call level that have been interpreted to be from significant
carrosion. The large reflections in the negafive directions are echoes
that have propagated within the reducsr or that are reverberated
between the reducer and the bend weld.

Featurs | Location | ECL Class Motes
+F1 a4 - Entrance |Start of buried section of pipe towards location 14
+F2 41" - Bend
-F1 =15 - T
-F2 -3 - False Echo |Trailing echoes and reverberation reflections
-F3 -E'a" - False Echo
-F4 -a'a" - Falze Echo [Poszsible path through the reducer featurs
&.0 "u;_ E
4 [0+
e
£
=5 i
E [ -
<, 0 II-""II -
= L= I [} __r'- i
,a-If'J-II Irll
li ] |:Iﬁ I|
if I)S\/j -'uil"lﬂ'._ )
- 1
0.0
-10.0

Distance (ft)

Figure 11. Dig Site 1C - PE.
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Dig Site 1D - PE

Fipe: 12" 10 Red Fun St Ring: RZB12PE30)
=Site: Consumers Energy Config: 5. 4FR, T{0,1)
Location: Branch T to 28inch -1t Calibration: Automatic (352065 m')
Size: linch Version: 3.92, Wavemaker G312
12 inch
Tested: 22 Aug 2006 10:28 Client: Consumers Energy
Tested by: David Alleyns[GUL] Procedure: GU 1.1

General Motes: TP 11 Pitch Catch data with two rings at test locations 1C and 10. This
iz the Pulse-Echo resuli from location 10. There are no reflections
above the call level that have been interpreted to be from significant
corrcsicn. The large reflectiong in the negative directicns are echoes
that have propagated within the reducer or that are reverberated
between the reducer and the bend weld.

Feature [ Location | ECL Class Motes
+F1 34" - Entrance |Start of buried section of pipe towards location 18
+F2 41" - Bend
-F1 -1 - T Reducer feature
-F2 S - False Echo |Trailing echoes and reverberation reflections
-F3 -5'9" - False Echo
-F4 -a'a" - False Echo [Possible path through the reducer feature

5 Do =
H &
4.0
-
E
g f -
= &
2.0- I,ﬂl
*‘I.r!:.i f\
1 .I II [
[ | I|. -
i Jﬂ'ﬁﬂ -
0.0 '
-10.0 5.0 0.0 5. 10.0

Distance (ft)

Figure 12. Dig Site 1D - PE.
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Dig Site 1C - 1D - PC

Ring: RZB12FE(30)

Fige: 12" 10 Red Run 5t
Config: 7.2FR, T{0,1)

Site: Consumers Energy
Location: Branch T to 28inch -1ft

Size: linch
12 inch

Version: 3.92, Wavemaker G312

Client: Consumers Energy

Tested: 22 Aug 2006 10:28
Procedure: GU 1.1

Tested by: David Alleyns[GUL]

Calibration: Automatic (252,065 myY)

General Motez: TP 132 Pitch Catch test data with the two fingz at test locations 1C and
10. Thig iz the pitch-catch result of propagating through the reducer

location 10 to 1C. The measured attenuation rate is -1.6dbft. The
distance is calibrated for pitch-catch results.

feature. The large reflection at -5ft is the direct signal that traveled from

ECL Class |Motes

Feature | Locatio

-F1 -5t - Flange |Direct transmission between the rings. The non-
symmeiry (red) is caused by the reducer.

L
[}
[

W
%
=

Amp (mV)

Lh
o]
L

5.0
Distance (ft)

Figure 13. Dig Site 1D - PC.
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Summary of GW

All GW scans/reflections suggest no significant corrosion or wall loss (medium confidence).

Radiography

Figure 14. The 26" diameter tee and the 12" diameter south branch (Area 1D) were
Radiographic Testing (RT) inspected at the pipe bottom (6 o'clock position) for internal
corrosion. No density changes consistent with the presence of localized corrosion were
visible.

Direct Exam Visual Pipe and Coating Inspection

Coating: Good condition, hot applied tape and coal tar.

Pipe: 26" diameter pipe tee with 0.780" thick wall, reducer section 0.55" thick wall, 12" diameter
pipe with 0.375" wall, all with no signs of external corrosion.
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Operator: Consumers Energy
Case Study: Red Run City Gate 8/21/2006

Dig Site: #2 a, b, ¢ - Heaters

WD " W1t 1

Heaters

T~ T I~
e [ -
! |
Ez==ot=—==3 S Tebifocts|
& D)
32
Conie.
Pmlel\J-'
iL /%\ I : (;@é__-—-—- :Egﬁ%ﬁgzgm
=Sl I o -
I i T IEH It /an
LS
& | [ ——T
& EDXD,
STE 28 t'“ ' 124 l@
. Ny h A
" 1z —H+ H
1]

@ @@ ® D
B A L%
LAYOUT PLAN OF HEATFRS

Figure 15. Schematic of Heaters.
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Figure 16. Dig Site #2.
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Guided Wave Results

Dig Site 2A - PE

Pipe:
Site:

Location:

Size:

Tested:

Tested by:

12" 2A Red Run St
Consumers Energy
Riser pipe Elbow +4inch
12 inch {0,375 in)

Aug 21 2006 09:53
David Alleyne[GLIL]

Ring:
Config:
Calibration:
Version:

R2B12(30)-Circum
34FR, T(0,1)

3.92, Wavemaker G312

Client:
Procedure:

Consumers Energy
GU 11

Automatic (579.013 mV)

General Notes:

TP 3 test location 2A on a vertical riser section of 12" piping at the Red
Run Regulator Station in Warren. The pipe has a bitumen coating about

1/8" thick which is uneven over the extent of the pipe section that is

buried. Reflections at the reportable level have been identified to be from

coating changes, hard maternial well adhered to the pipe surface and

contact support.

Feature [Location| ECL |Length [ Class |Notes

+F1 04" - 0 1D Bend

+F2 6'4" - 0 Flange

-F1 -1"1" - 0 Weld [Visible in the dead-zone
-F4 -2'1" - 0 Bend

-F2 -1'3" - ~ Bitumen

-F3 -1'5" - ~ Earth

-F5 -6'4" - 0 Support

Amp (Linear)

0.0
Distance (ft)

Figure 17. Dig Site 2A - PE.
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Dig Site 2B - PE

Pipe: 12" 2B Red Run St

Site: Consumers Energy
Location: Riser pipe Tee -2ft 9inch

Size: 12 inch (0.375 in)

Tested: Aug 21 2006 09:28
Tested by: David Alleyne[GLIL)

Ring: R2B12(285)-Circum
Config: 6.2FR, T(0,1)
Calibration: Automatic (837.774 mV)
Version: 3.92, Wavemaker G312

Client: Consumers Energy
Frocedure: GU 1.1

mis-alignment.

General Notes: TP 2 test location 2B in a pit location at the Red Run Regulator Station
in Warren. The pipe has a tape wrap bitumen coating about 1/8" thick
which is uneven over the extent of the buried pipe section. Reflections
at the reportable level have been identified to be from coating changes
and hard material well adhered to the pipe surface. The reflection at
+F3 is from a weld the non-symmetry is interpreted to be from slight

Feature | Location | ECL | Length | Class |Notes

+F3 52" 20 0 Weld [Visually confirmed under coating

+F4 5'4" 25 0 Minor |Localized feature (bottom of the pipe) in
the weld area confirmed to be hard
deposit well adhered to the pipe

+F2 30" - ~ Earth

+F1 23" - ~ Bitumen

+FbH g7 - 0 Weld ([Localized reflection from this area of the pipe
where the coating is rough and uneven.
Visually verified to be from a weld, level of
non-symmetry due to slight mis-alignment

+FG 113" - 0 Support |Concrete support

+F7 12'0" - 0 1D Bend

-F1 -2'9" - 0 T T into vertical running pipe

3.0

]
T

amp (Linear)

g

o
g
=

Distance (ft)

Figure 18. Dig Site 2B - PE.
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Dig Site 2B - PE - C-Scan

Echoes from
Tee into Header

300

Angle (deg)
[
=2

=
=]

Amp (Linear)

Weld echoes

-24d8

50 0.0 50
Distance (ft)

Figure 19. Dig Site 2B - PE C-Scan.
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Dig Site 2A-2B - PC

Pipe: 12" 2 Red Run St Ring: R2B12PE({285)-Circum
Site: Consumers Energy Config: 5.4FR, T(0,1)
Location: Test positions 2A & 2B Calibration: Automatic (917.378 mV)
Size: 12 inch {(0.0375 in) Version: 3.92, Wavemaker G312
Tested: Aug 21 2006 10:35 Client: Consumers Energy
Tested by: David Alleyne[GUL] Frocedure: GU 1.1

General Notes:

TP 4 using the 2 rings in a pitch catch configuration. The rings are at test
positions 24 and 2B on the 12" pipe in the Red Run Regulator Station at
Warren. The reflection from the weld area has changed from the
previous test because the hard deposit was removed near to the F1 weld
and the coating was removed to expose the F2 weld before this data
collection. No reflections were interpreted to be from corrosion above the
call level.

Feature |Location| ECL | Length | Class |Notes

+F1 1'6" - ~ Bitumen

+F3 52" - 0 Weld |Visually confirmed under coating

+F2 24" - ~ Earth

+F4 &7 - 0 Weld |Reduced non-symmetry (red curve
amplitude) of the reflection from the weld
after the removal of the non-uniform coating

+F5 12'0" - 0 1D Bend

-F1 -2 - 0 T

Amp (Linear)
b
g

]
T

0.0

Disiance (ft)

Figure 20. Dig Site 2A-2B - PC.
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Summary of GW

Reflections between 2A and 2B were considered minor and were due to well adhered, hard
deposits and coating.

Figure 21. Length between 2A and 2B.

Indications presented by the GWUT inspection are believed to have been caused by the
presence of an unknown girthweld that was not visible due to OD pipe.

Radiography

Figure 22. Scan 2 and Scan 1 locations.
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No density changes consistent with the presence of localized corrosion were visible. Light
density of the film with minor changes was visible and is believed to have been caused by
material buildup in the pipe.

Porta-Scan UT

Figure 23. Porta-Scan UT in operation.

Ultrasonic Inspection consisting of two scans were performed. Each scan measured 1 foot
longitudinally at the 5:00 to 7:00 positions on the pipe. The green arrow shows the 12:00 Lo
position on the pipe. Yellow arrows show the starting positions of Scans 1 and 2.

Ultrasonic Inspection consisting of two scans were performed. Average wall readings for both
scans measured 0.369" and the minimum reading for both scans measured 0.329" at Lo+12.5",
6:30 position.
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Figure 24. Dig 2B, Scan 2: Lo+2.5".

Figure 25. Dig 2B, Scan 1: Lo-9.25".

Magnetic Particle Inspection (MPI)

. ‘:‘_}»-

Figure 26. Magnetic Particle Inspection found no cracks.
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Direct Exam Visual Pipe and Coating Inspection

Coating: Tapecoat and primed mastic repairs, good condition.

Pipe: 12" pipe is 0.375" wall, elbow is 0.420" wall. Backfill was sand. No external corrosion
noted. Hard deposit noted near girth weld.

Figure 27. Dig Site #2c (no guided wave performed here, only pipe/elbow cut out and
replacement).
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Meter Run Piping Replacement Diagram.

Moderate pitting, along with old

corrosion probe. Section was g:)
removed w
-
Significant corrosion — 100 to 200 <
mils. Substantial corrison in weld \ 181" | East Tie-In w
and HAZ | T
~a r'4
N Coated Pipe Un-Coated Riping & %
\ ‘ 95" L1l 2”—»‘
e o)
. Concentric pitting in range of 60 ~
T to 140 mils s
60 to 130 mil pits observed. 6
o Deposited solids from 4:00 to 8:00. c:g
= Piping internally coated
474 DE_L
- - Pitting in the range of 60 to 150 mils
Q
g
@) Several Pits in range of 40 to 90 mils observed along
/ with some mild general corrosion in the range of 30
. to 40 mil. Long seam criented at 12:30 looking N.
§-2
GW Collar |
Location g P— Minor general corrosion
Dig Site 3A i and old corrosion probe
g %
= =
South Tie-In - 2
Q
§ Wz 3
8 2
i | 3
=
(7]
- = WA/////////////////A Red Run Citv G
e un City Gate
Replacement Piping
<— Initial Cut @ Cap Between Heaters and
Meter Run

Figure 28. This inspection and replacement was done after all the guided wave was
complete. All the areas that contained corrosion were not assessed by GW (i.e., beyond
detection range). The inspection at Dig Site #3A first located the presence of deposits
leading to this major excavation and replacement.
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Operator:

Consumers Energy
Case Study: Red Run City Gate 8/21/2006

Dig Site: #3 a, b - Meter Run Header
y
i
< 2a | rj“
2b] |
12" X-6
7ft. X-52
1982 (.469|WALL)
X-52 1982
(.469 WALL)
] 1966
1966 = 3a E
L METER RUNG | i_l
-[5a |
3 STUB 3b Stub)
Meter
Runs 12

Figure 29. Meter Run Headers.
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o &

Lt i
Dig Site #3B.

!

Figure 31. 3A (far side) and 3B (closest). Note two heaters in the background (from dig
site #2).
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Guided Wave Results

Dig Site 3A - PE

Pipe:
Site:
Location:
Size:

Tested:
Tested by:

26" 3A IH-M Run Ring: R2B24(703)
Consumers Energy Config: 11.2FR, T(0,1)

Shop Weld +20ft 5inch Calibration: Automatic (1132.49 mV)
26 inch Version: 3.92, Wavemaker G312
23 Aug 2006 08:08 Client: Consumers Energy
David Alleyne[GUL] Procedure: GU 1.1

General Notes:

TP 17 test location 3A. The attenuation at this location is higher than
expected; this was interpreted to be caused by internal deposits in the
pipe. There are no reflections interpreted to be from corrosion above the
call level.

Feature | Location| ECL Class [Notes
+F1 2'5" - Vent |Visible
+F2 7" - Branch
+F3 13'0" - Branch |Visible
+F4 19'0" - Branch
+F5 20'5" - Weld
+F6 22's" - Flange |Capped end of the pipe
-F1 -01" 4 Minor |The small reflections have been interpreted to be
caused by the internal condition at the location
-F2 -4'0" - Earth |Ground entry position

100 0.0 100 200
Distance (ft)

Figure 32. Dig Site 3A - PE.
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Dig Site 3B - PE

Pipe: 26" 3B IH-M Run Ring: R2B24(703)
Site: Consumers Energy Config: 11.0FR, T(0,1)
Location: Shop Weld +20ft Sinch Calibration: Automatic (587.469 mV)
Size: 26 inch Version: 3.92, Wavemaker G312
Tested: 23 Aug 2006 08:48 Client. Consumers Energy
Tested by: David Alleyne[GUL] Procedure: GU 1.1

General Notes:

TP 18 test location 3B, 26" Inlet Header to Meter Run. The attenuation at
this location is higher than expected; this could be caused by internal
deposits in the pipe. There are no reflections interpreted to be from
corrosion above the call level.

Feature| Location| ECL Class |Notes

-F3 -16'6" - Vent |Visible

-F2 -12"1" Branch

-F1 -6'0" Branch |Visible

+F2 01" Branch

+F3 1'4" - Weld |Reference shop weld

+F1 o'o" 5 Minor |The small reflections have been interpreted to be
caused by the internal condition at the location
running for the entire test range

+F4 31" Flange |Capped end of pipe

-F4 -23'0" Earth |Approximate entry location into the ground

Amp (mV)
S
[=]

0.0

15.04

5.04

Fa

F2

F1

Distance (ft)

Figure 33. Dig Site 3B - PE.
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Summary of GW

Reflections at dig site 3A - attenuation at this location was higher than expected; this was
interpreted to be caused by internal deposits in the pipe. There are no reflections interpreted to
be from corrosion above the call level. Category 3 Call with Medium Confidence.

Reflections at dig site 3B - 26" Inlet Header to Meter Run. The attenuation at this location is
higher than expected; this could be caused by internal deposits in the pipe. There are no
reflections interpreted to be from corrosion above the call level. Category 3 Call with Medium
Confidence.

Radiography

P

Figure 34. Area 3B (South Stub).

Six circumferential RT images were taken at the cap weld (yellow arrow). The 12:00 position of
the weld and CW direction are noted in the photograph. No density changes consistent with
the presence of localized corrosion were visible; however, internal solid material could be seen
in the images and was later confirmed visually when the cap was removed.
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A single RT image at the 06:00 position was produced. The Lo position is shown marked on
the pipe with the CW arrow direction. No density changes consistent with the presence of
localized corrosion were visible. View is looking to the north.

The Area 3B south stub and Area 15 were also radiographed circumferentially. Radiographs
taken in this area are 4.5" x 17" and were run circumferentially along the cap girthweld. The
intent of those radiographs was to determine the amount of solids present internally in the

pipe.

Direct Exam Visual Pipe and Coating Inspection

Pipe at 3A was 0.720" wall, pipe at 3B was 0.469" wall. Buried in clay soil with 3 ft depth of
cover.

Coating: Both 3A and 3B were coated with Coal Tar with repairs using Tapecoat 20 with
primer. Good bonding and smooth appearance.

No external corrosion noted.
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Figure 36. East end of meter run and meter header solids.

Stub and riser at the South end of the inlet to the meter run — Inspection by the GUL unit
indicated the piping to be significantly blocked.

e Lab radio-graphed both the stub and primary riser and determined them to be
totally filled and 75% filled respectively.

e End cap at the end of the meter header removed and was seen to be
significantly plugged with solids.
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Operator: Consumers Energy
Case Study: Red Run City Gate 8/21/2006

Dig Site: #4 & #12 - Inlet Header to Regulator Station

1982 ([469|WALL) REG
BLDG
33 - 1906 PIPE
[ [ METER RUNS ’ Ba \ ——
6all 6
3b] b7 oL
w Regs[7p
Meter
Runs 12 /

Figure 37. Inlet Header to Regulator Station Schematic and Photos.

o Page 43



Guided Wave Results

Dig Site 4 - PE

Pipe: 26" 4 |H-R Station
Site: Consumers Energy

Location: Shop Weld +7inch
Size: 26 inch

Tested: 22 Aug 2006 14:53
Tested by: David Alleyne[GUL]

: R2B24(703)

: 14.8FR, T(0.1)
Calibration:
0 3.92, Wavemaker G312

Automatic (435.102 mV)

: Consumers Energy
Procedure:

GU 1.1

results.

General Notes: TP 16 26inch pipe at location 4. Limited test range and sensitivity
because of the large features close to the ring. however there are no
reflections interpreted to be from corrosion above the call level. An
increased level of the general indications has been interpreted to be
mainly from a combination of external changes due to the coating and
ground conditions. All visible features have not been marked in the

Feature | Location | ECL Class Notes

symmetry

+F1 3'4" - Y Branch to 5A, B and C test locations

+F3 11'5" 750 Weld

+F2 83" - Y Branch to 6A and B test locations

+F4 115" - Flange

-F1 -2'5" - Pull Bend |Measured start of bend. Slight increase in non-

-F2 -6'0" 60 Minor |Partially non-symmetric reflections from this
section of the pipe, at some locations the
amplitudes of the reflections are increased

-F3 =77 - Entrance |Approximate ground entry location

Distance (ft)

Figure 38. Dig Site 4 - PE.

gti

Page 44



Dig Site 12 - PE

Pipe:
Site:
Location:
Size:

Tested:
Tested by:

26" 12 IH-R Station Ring: R2B24(703)
Consumers Energy Config: 13.6FR, T(0.1)

Shop Weld -6ft 9inch Calibration: Automatic (329.225 mV)
26 inch Version: 3.92, Wavemaker G312
22 Aug 2006 14:34 Client: Consumers Energy
David Alleyne[GUL] Procedure: GU 1.1

General Notes:

TP 15 Test at location 12. There are no reflections interpreted to be
from corrosion above the call level. The Tee branch pipes of the 12"
pipes that run into the regulator building are between the welds
marked. The Tee fittings have reduced the data Signal-to-noise at this
location and only larger defects could be found. There are no
indications interpreted to be from corrosion above 10% cross-sectional
at this position.

Feature | Location | ECL Class |Notes

+F1 4'1" - Flange |Capped end of the pipe

-F1 -2'4" - Weld |Visible

-F3 -5'0" - Y Tee - 12" pipe into the regulator building. The
increase signal levels are du to reflections and
transmission in the closely spaced features

-F2 -3'1" - Y Tee - 12" pipe into the regulator building

-F4 -7'0" - Weld |Shop weld with a high level of non-symmetry
(amplitude of red curve)

-F5 -15'0" - Entrance |Approximate ground entry position

-F6 -18'4" 5 Minor |Non-symmetric reflections in this area

-F7 -23'6" 5 - Partially symmetric reflection

Amp (mV)

Distance (ft)

Figure 39.

Dig Site 12 - PE.
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Summary of GW

Reflections at dig site 4 - Limited test range and sensitivity because of the large features close to
the ring, however there are no reflections interpreted to be from corrosion above the call level.
An increased level of the general indications has been interpreted to be mainly from a
combination of external changes due to the coating and ground conditions. Category 3 Call
with Medium Confidence.

Reflections at dig site 12 - There are no reflections interpreted to be from corrosion above the

call level but the Tee fittings have reduced the data Signal-to-noise at this location. Category 3
Call with Medium Confidence.

Radiography

None.

Direct Exam Visual Pipe and Coating Inspection

Pipe at 4 and 12 was 0.475" wall. Buried in sandy clay soil with 32" depth of cover.

Coating: Both 4 and 12 were coated with Coal Tar (80 mils thick) with good bonding and
smooth appearance.

No external corrosion noted.
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Operator: Consumers Energy
Case Study: Red Run City Gate 8/21/2006

Dig Site: #5 a, b, ¢ - North Meter Run
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Figure 40. North Meter Run.
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Figure 43. Site 5C. Site 6B.
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Guided Wave Results

Dig Site 5A - 5B PC

Ring: R2ZB12PE(30)

Config: 4.0FR, T(0,1)
Calibration: Automatic (907.919 mV)
Version: 3.92, Wavemaker G312

Pipe: 12" 5AB Reg Building
Site: Consumers Energy
Location: T Into 26" pipe +6ft 3inch
Size: to Reg B
12 inch

Client: Consumers Energy

Tested: 24 Aug 2006 08:18
Procedure: GU 1.1

Tested by: David Alleyne[GUL]

General Notes: TP 23 Pitch Catch configuration test between Locations 5A and 3B. This
result shows the direct transmission between the tran